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GUAM ENVIRONMENTAL PROTECTION AGENCY

POST OFFICE BOX 2999 AGANA, GUAM 96910 TELEPHONE: 646-8863/64/65
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Mr. Jake MacKenzie — ”
Superfund Coordinator l ||| “l “ “ “ o r‘!U}
U.S. Environmental Protection —_— O
Agency, Region IX SDMS Doc ID 2003507 f m m
215 Fremont Street o ©<
San Francisco, California 94105 == g g
o5 -
—_ X

Dear Mr. MacKenzie:

Please find enclosed the completed Mitre Model for the Ordot Landfill.
As mentioned in the worksheets Surface Water is the route of major
concern. The Guam EPA laboratory recently produced some interesting
numbers with respect to high heavy metal and pesticide content in
surface waters bordering the landfill. The high pesticide count is
viewed as a serious matter so the Guam EPA is in the process of
producing additional data to validate our analysis. We will forward
the validated findings to you as soon as they are available,

The Guam EPA has a number of questions with respect to our Superfund
relationship. What is our status with respect to Superfund considera-
tion? How does Guam fit into the National Contingency Plan? What is
our relationship with the Regional Response Team? Who is the On-scene-~
Coordinator for Guam? 1Is our original expression of Guam being a
"gpecial case" due to our unique island environment and unaddressed

training and guidance sessions be offered to Guam EPA staff and will
we negotiate a State/EPA Cooperative Agreement with respect to our
Superfund relationship?

Your timely response to these inquiries is appreciated, please contact
Dan Crytser with any response or comments,

Sincerely yours,

X ’,c.m e. bzzu«r\/
RICARDO C. DUENAS

Administrator

Enclosure

I hazardous waste disposal problem still being considered? When will

“ALL LIVING THINGS OF THE EARTH ARE ONE”




APPENDIX E
MODEL WORKSHEETS

Site Name Ordot Landfill

Location San Carlos Street, Ordot, Guam

EPA Regicn. Region IX

Personis} :n Charge of tne Site. J. Gutierrez — Director

Government of Guam

Department of Public Works

Name of Raviewer Dan Crytser

Site Overall Scora, 30.2 -

General Descriotion of the Site. -

(For examote tandfidl, surface imaoundment, pile. container, typas o1 wastes: iocation of the site,
contaminat:on route of major concern. types of information neeced for rating. 2gency action. etz

A=A 9—) Vet

This site is a Government of Guam operated punicipal landfill. It is

registered on the RCRA Open Dump Inventory. The contamination route of

major concern is surface water. Due to quanity of precipitation,

permeability and lack of leachate control system it is believed that

toxic leachates including pesticides are contaminating nearby surface

waters.,




ROUTE - GROUND WATER

Rating Basis of Site Multi- | Site Maximum
Factor Information | Rating plier Score Possible
(Circle Score
one)
) OBSERVED RELEASE,

Measured Level or |
Evidence of Release 0 45 1 0 45

If the site score is zero,
go to step
otherwise, go to step @

O) ROUTE CHARACTERISTICS!
Depth to 8quifer of Concern { '011]21{3 2 0 6
Net Precipitation | 4 0l1{213¢ 1 3 3
Permeability of Unsaturated Zone 01)2}3" 2 6 6
RN
Subtotal 9 15 u

1a rating of zero should be entered when data is unavailable to rate an
additive factor. A rating of 1 should be entered when data is unavailable
to rate a multiplicative category such as the waste quantitv or contain-

ment. A total of 5% missing data. (For the entire site is allowed when
rating a site.)

:"
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ROUTE - GROUND WATER

Rating Basis of Site Multi- | Site Maximum
Factor Information | Rating plier Score | Possible
(Circle Score
one)
) CONTAINMENT 1.2
3
Containment 0j1)213 1 3 3
@ POTENTIAL FOR RELEASE
Multiply site score from (2) 27 1 27 45
by site score from @

The product is site rating
for this route.:

® RELEASE
Enter site score from @or@ 27 45
® WASTE CHARACTERISTICS 1,3
Physical State 0/1{2i3" 1 3 3
Persistence oftl2]3 9 2 6 6
Toxicity/Infectiousness 0fl {213 2 6 6
Subtotal 15 15
@ HAZARDOUS WASTE QUANTITY-!
Total Waste Quantity| fofrf2i3fafst 1l 1 l 5

(by Superfund definition) excluding
waste that is totally contained

2
If the site has more than one type of containment (e.g., surface impoundment,

landfill, containers), consider all cases separatelv and enter the score
from the worst case.

a
“Rate the five most hazardous wastes. Select the one with the highest
subtotal score and enter that score.




ROUTE ~ GROUND WATER

Rating Basis of Site Multi- |Site Maximum

Factor Information | Rating plier Score Possible
(Circle Score
one)

TARGETS!

Ground water use 0i11]213 4 8 12 J

Distance to nearest
drinking water well o123 4 12 12 :

Population served by

ground water within 0112 |3 4’5 8 16 40
3 mile radius l

Subtotal

36 64
<:> GROUND WATER ROUTE SUBTOTAL
A. Muleiply &) x ® x @ x 14580 | 216,000
B. Multiply (:) by normalization factor 0.45 6.56 97.2
of 0.45 and divide by 1,000
Route Subtotal __;9;9______
(B)

:l
|




ROUTE - SURFACE WATER

|
1
i
1
i

Basis Site Sita Maximum
Rating Factor of Rating Muitiptiar Sco;e Possiole
intormation {Circie One2y Scors
& OBSERVED RELEASE ret sw
; v
v .| o fel v 1 a5 ] s
if the site score is zaro,
30t step 2
otherwise, go (0 stea 5
l 2] ROUTE CHARACTERISTICS! net sw2
Site 3.008 an@ Terran 2 ’ t H [ 3 1 3
l t Year 28 mour Aawrtati G ; t 2 i3 1 k]
! 3

<"y

-3

8. Muttiory {A) by normalization lactor 0.64 13.0 922
of 0.8¢ and grvios by 1,000 °8 | Bayte Susiota

I
[
Distance s Surace Nater 2 ! 2 i 3 1
3i00¢ Potervar E A ] ] 3 2 [
I Sudtoras ‘ 15
ﬂ CONTAINMENT 2 et sw
. Contanment 1' ‘ [ ! . ' 2 ! 3 T ] —{ ‘ 1
4] POTENTIAL FOR RELEASE
Multiply site score trom 2 L I . l ‘ “
Dy site score rom 3 ’
The product 1s site rating
tor thus route.
151 RELEASE
I Entar sute scora from 1 0r 4 45 ‘ a8
_EJ WASTE CHARACTERISTICS Y rer sw )
Prysicas Stare 3 ' ’ ' 2 b2 : 3 H
T . ! i
| mol:.ccl‘lgusnus o)y ' 2 :3 2 6 [
Sersisince 4] { A ' 2 3 2 ﬁ [
I Suprotas i 15 15
7 ] HAZARDOUS WASTE QUANTITY et sw &
T
Stal Waste Quantity i lo; t'l’ zl il ! s' t f 1 [ s
l DY SUDRAUNE ZeHNTON £2CIWGING waSIE 1T AL .S 1OIMIY ZONIAINES
_EJ TARGETS ret 5w 5
Surt s} 3 -
urtace Mater use ; X 6
Cancal macitats LI } 113 2 6 1]
’raou::var Seriac oy ;.:.':ac& ' ” |
o0 Wih £
gt e S shlafsteds) o 18 0
Sudtoat 30 l %
...QJ SURFACE WATER ROUTE SUBTOTAL
A Muitibly 3 x 8 x 7T x 8 20’250 151,375

,———_




ROUTE - FIRE AND EXPLOSION
Basis Site Site Maximum
Rating Factor ot Rating Muttiguer Score Possible
l intormation ICircte Ona) ¥ Score
1] ROUTE CHARACTERISTICS' o =5 -
- '/ .
l Mo Saurce 3 ‘ '5 ! 15 i)
2 CONTAINMENT'? g 22 20 i
Contanment I 0 f 3/[ E | . ' 3 1 3
l 3] POTENTIAL FOR RELEASE
Multipty site score from 1 L 1 : } 45 l 3 )
oy site score from 2 -
I Tne procuct 1s sie raung for tus route
4] RELEASE
| Enter sie score rom 3 45 I
5] WASTE CHARAGTERISTICS' 3 - =23
I PRl LIS o J‘, PR { 0 3 -
Zeacuvnv ¢ 'Ig 2 3 * ‘ 1 3
Agomcanomt ¢ 2 , ‘ti H ‘: 3 l 2 3
S.erera } 3 2
6] HAZARDOUS WASTE QUANTITY' - =z .
“ora Waste Suvarty ° ': Jp 21 ! 2,8 N 1 H

Bv SUCEHUNS SEUNION! SXC'UGING ~a5i2 RaL 1S O aHy IoNtaiNeg

L_?J TAR

G
3 stance tc Nearest NE o
=50u ation !GI'il"Bxi!:[ ' 3 i H
Jrstance 1o Nearss 1 i
J*t Site Sunning I , z ‘ 3 ’ ‘ 2 l 3
Nsrance *c Snaran .3 <4 ,
~—antaily Sans tive Areg 2 ! l 2 ! 2 l. 3 3
ANC LS ¢ 'I . ! P . Il . , 3 ' 3
B2cg 0N & tun v
2 T :
Numaer 5t 3wicirgs | ) .
Mremin 2 .:.1 t2 Ralius 2 ; N ! 2 l E % ¢ s ¢ * 3 3
Suosta ( 17 2¢
8] FIRE AND EXPLOSION ROUTE SUBTOTAL
A Muitiply 4 x 8§ x 6 x 7 2295 48 6CC
~
factor of 20 anc dwice bv 1 000 - 20 ‘5 1 Boute Sugratar 972
“TRetrg ANC EXI0SCN FOLLE W 1 D8 SOFSIO2rad N1y 1 3 STate 27 100 Hire Marsnat ~as cerul 43 Na tre s 18 “asreser s a =

$1GNil Cant Yire «rA 23D GAI0N tYI2AL 10 1N DU T ANG 1O SBMSINVE SOVHCATNEN ~OARVE! ANY ILNOISIETES f ~2 212

SADOSION tnredt 5a3sad On HeId SCServaLOr 18§ 2xSITHINIL, Teter 72aNGS: wil 2SO D2 ITF3CECRC 1S SLINCI20t gvidencs

133

I 3 Multioty {A'] oy normatizatior 4.6
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10| AGGREGATE SITE RATING
Route Maxi
Route Route Subtotal Subtotal Pi’;g?;';n
from6, 8or9 Squared Scora
Ground Water 6.6 ;»J 43.6 (§7.2° = 3447.34
Surface Water 13.0 169.0 (97.22 = 944784
Air 0 ! 0 {97.22 = 9447.84
Fire and Explcsion 4.6 21.2 (87.22 = Q44734
Direct Contact 63.8 4070.4 (97.2F = 944784
Sum 4304.2 47238.2
Square root of Sum 65.6 217.35
Overall Score” = \Sum x 100 | 100
217.35 30.2

*The overall score wiil oe netween 0 and 1Q0. The Maximum Overatl Score for a2 Site With Oaly Qne
Exposure Route Is 44.7.




lk o 3 PATHwAY Orze.a’r Scove .
,."29-. AGCRECATE SITE RATING
Route Subtotal Route Subtotal gizi?;?
Route from 6 or 9 Squared Score €
Ground Water 6. 0 36 (97.2)2 = 9447.84
Surface Water /3.0 /67 (97.2)2 = 9447.84
Afr o ) (97.2)2 = 9447.84
Sum - 200 28,343.52
Square Root of Sum ﬁ4”3 168.36
sum x 100
Overall Score* = 165.36 85 100

FIRE AND EXPLOSION

Route Subtotal from 8

L= NMA pe

pcavect e

4 6 4o mhln4°b1

Maxinum Possible Score

. 97.2
3
Adjusted Score = Route Subtotal x 100
87.2 = 4.9
DIRECT CONTACT
Route Subtotal from 8 63 8 Maximum Possible Score
97.2
- Route Subtozal x 100
Adjusted Score 372 s - .

*The overall and adjusted scores will be between 0 and 100.

The maximun cve*all
score for a site with only one exposure route is 57.7.

-
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APPENDIX E
MODEL WORKSHEETS

Site Namae: gzﬁQO’r 2= ﬂ&g:hu_ '

Locaton: (g WD A

EPA Region:

Parsonis) in Charge of the Sita:

Name of Raviewer: ‘ L.«E Y

Site Overail Score: MLT&Q 8 .9 E/i .7 4 Dc 95

4
4 - —
M ore Lot b 1S COMNLERORTIGE F N O ¥ S A
General Description of the Site:  \yrru Tomc ppp =2 Gyt f ~

{For exampie: lanafill, surface :mpoounament. pile. container: types of ¥astes: ‘ocaiion of the site:
contaminanion route of major concern: types of information neeaed for rating: agency action, 2ic.!

’

1129
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ROUTE - SURFACE WATER

I ' Rating Factor Eljl! Riﬁ:q Muitipiier ‘ S?aff.o h;::z:;l?
intermation Circie Onmy Score
1 OBSERVED RELEASE et W 1t
t i, e el ] @ | 45 |
G s '
otherwise. GO (O steo §
l 2] ROUTE CHARACTERISTICS! et sw
S8 8008 ana Terain . o!-[zi:] . | 3
I ' rast 26 mour Aanten el]afs 1 | )
ataace 1@ Surace Warer 5| ’ 2 (‘ 3 . 3
fia3a Sarennas j Ja|~[z‘: 2 | . s
I Suotota | s
.ﬂ CONTAINMENT 2 rer S 3
| ] RN ——
4] POTENTIAL FOR RELEASE
o ¢ | - L =

The orocuct s site ratng
for s route.

Hi RELEASE

. ! -
Entar uite score trom 1 ar 4 ! 45 ‘ "

18] WASTE CHARACTERISTICS™? rer 5w 1

ESTIMATES Dased i1 .
Poyecs State o v dot oA 3‘!91@ J

Taxty. ope 3 )
‘nfecnousness dP A a«oqo " 2t !
WO knawa Ve { '
Fecmeiance = pud mrf:m “l ’ )
CanTM I NATOM i

[

(6
ol Y A A

7y HAZARDOUS WASTE QUANTITY" s sw s

18 Waste Guartaty ': | {ob':i:his{ . } 1 s

1BY SUOILNG BEHAMON) EXZIUANG WIS INAL 13 131RLY SOMMNES

_ﬂ TARCETS! ‘wiwe
Surace water Use ncven¥uon;|rv5ﬂ:o~[ s | '@;

] 3
4

Crticas Maoitats ,l.ia}i:‘ 2

“

[~ TO0uIaN10n SeraG v Surdce COMNSEAXAtIVE BT b 1
Watee With w E L4 | ! {
e ey gty eonts 8ol 0 2101 s l

o e

Suarots 2.

K SURFACE WATER ROUTE SUBTOTAL

B

972

8. Muitiowy (A} by normatizaticn factor | .
of 0.64 ana cwice By 1,000 a6 g 2.

{ '8.! Route Suotowt

131

i
1
i
®
i
1
i
l A Mutiony § x §x 7 x 4 45.-15-1-28 18900 151478
i
i
i




Nor ve - scored , GEPA doto wied
ROUTE - FIRE AND EXPLOSION
Basis Site Site Maximum
Raung Factor ot Rating Muitipher Seore S283ible
information tCircte One Score
1] ROUTE CHARACTERISTICS® rar 5% -
o o T 1 5 [ -
2] CONTAINMENTZ ez 2
Somtmnmaent 9 . @' . 3 l 3

3]

POTENTIAL FOR RELEASE

Muitiply site score from 1 I - !
Dy site score ‘rom 2
The proquct S site -ating for *ms route

25 -

K3

RELEASE
Enter site score from 3 4 g “
B WASTE CHARACTERISTICS™? o523

1gnitaomey, S 2t l o) ’ 3
Aeactty Y 1 4 ‘ 3
o IR 2 1
Sucrota 3 ’

6] HAZARDOUS WASTE QUANTITY" (e 554
“otat Waste Guariy ( UNKNOWN ‘o WGzt :is . i s

Ov SUDErtUna CEt At1ont xS UOING ~ESTE T3T IS (TR CONTAINed.

)

TARGETS'2 rerex:

S Lulo.e] [ 3 T
g:'s'ﬁﬁ';ﬁ.;:;'m 3 :.\ ) fy 1 ! 2 3
S ] R ) R - ’
1ana Use l el O ' 3 :
| - 3 :
e e | 21l e > | :
Suototm '\') l ke

o

FIRE AND EXPLOSION RQUTE SUBTOTAL

A Multioiy4 x S x 8 x T ) 45.3,_1_. /‘? - 43.600
8. Muitioly {A ] by nermauzanon . '
tactor of 2.0 and givioe oy * 000 - 2.0 ] ,Bngamw i 72

*The fire ana €x00SION rOULE Wil CE CINSIQECEA Ofuv 1f & State OF 10C hre MArsnai Nas Cernfied Mat tNe site reDresents a
$JNAICANT Y74 INT AXOIGSION INTEAL 1G INE DUOHC ANG 1 SENTIUVE ENVIFANMENT ~OWEvEr any JEMONIIratec * re ang
SADIOSION INTRAT CASES ON Hetd SOTEVALON 1@ C y meter re. $3! witl 213G D@ CUNSIIEres As suhcient snaence

i
i




ACCRECATE SITE 2ATINC
: Maximum
Route R?:ge Subtotal Rouge Sub;otal Possible
m 6 or 9 quare Score
- 9 .
Ground Water 71 82 &/ (97.2)" = 9447.84
.Surface Water 12.] /46.4] (97.2)2% = 9447.84
Air o Y- . (97.2)2 = 9247.84
Sum 228,92 28,343.52
Square Root of Sum 5.1 168.36
sum x 1C0
Overall Scorex = 163,36 8.9 100

FIRE AND EXPLOSION

Route Schictal fronm §

Maxinum Possible Score

$7.2

Route Subtotal x 100

Adjusted Score =

7.2

4.7

;
|

DIRECT CONTACT

Route Subtotal from 8

Maximum Possible Score

97.2

Adjusted Score =

Route Subtozal x 100

97.2

)35

*The overall and adjusted scores will be between 0 and 100.
score for a site with only one exposure route is 57.7.

The maximuam overall
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MITRE MODEL (SUPERFUND) VERIFICATION

Prepared by

DAN CRYTSER
Director of the Solid
and Hazardous Waste
Management Program

At the outset it must be stated that the route of major concern is surface
water. This does not preclude the possibility of groundwater contamination
but due to the 1location of the landfill in relation to the potable water
supply harmful groundwater contamination by leachate from the landfill seems
unlikely. Unfortunately, there are no monitoring wells in the landfill.

However surface water contamination by leachate from the landfill is
occurring. The contamination is wvisible on and below the face of the
landfill. GEPA has sampled surface waters bordering the landfill for standard
water quality criteria, metals, and organics such as pesticides. GEPA
analysis has shown varying levels of all contaminants, this gives rise to the
notion that contamination varies with Guam's widely varying levels of
precipition. GEPA is in the process of analyzing samples taken from within
and immediately outside the face of the landfill. GEPA is also seeking the
assistance the U.S. Navy-FENA LAB to analyze independent samples for
organics. The results of these analyses will be forthcoming.

Samples taken from the river directly below the landfill on June 21, 1981
exhibited high levels of four pesticides: Lindane = .0002611 mg/l, Endrin =
.0004527 mg/1, Methoxychlor = .0021556 mg/l, Toxaphene = .0091156 mg/1.
Although subsequent samples failed to exhibit levels above the detectable
limits of the analytical equipment we are continuing to closely monitor the
site for these compounds. This week three new monitoring sites within the
landfill have been established.

The following sections will present verification of specific factors in the
Mitre Model with regards to Ground and Surface waters:

1. The depth of Aquifer of concern is greater than 100 ft. The best data
available indicates that the landfill lies over a fault between the
Marianas limestone of Northern Guam and the Alutom Volcanics of the
south. The limestone holds our potable water supplies. The landfill
rests on the southern face of a ridge which divides the limestone on the
northern side and the volcanics on the southern side. The RCA
communications facility in Yona appears to have the only well located in
volcanics and be in a relatively close proximity to the landfill. It's
across the Pago River valley from the 1landfill. (The enclosed
information from John Mink's Water Resources study should inform you of
the nature of volcanic groundwaters aspects. Please see attachment
#1). The RCA well is not downgradient from the landfill.




10.

There are two PUAG municipal wells in the vicinity but they drilled in
the limestone over the ridge on the northern side of fault from the
landfill. These wells are called A-1ll and A-12, the depth to water in
each well is over 100 ft. (Please see attachment #2).

The mean Annual Precipitation is greater than 20 in per year. Average
rainfall at all data gathering locations are over 80 inches per year.
(Please see attachment #3).

The Permeability of the Unsaturated zone is greater 10-3 cm/sec. only if
the landfill is over some limestone pockets. If it is completely over
volcanics, as we assume, then the permeability is less by a factor of
ten, that is .0001 cm/sec. (Please see attachment #1 and #4).

Therefore the earlier estimate of permeability may have been to high.

The "bottom-line" on groundwater with respect to the Ordot landfill is
that the best data indicates there should be no problems. The landfill
is believed to be over highly impermeable volcanic clay soil. The
landfill is not over the municipal potable water supply. There are no
wells downgradient. The landfill is over 200 ft. above sea level.

Containment: There is no liner at the landfill. The landfill surface
encourages ponding, and there is no run-on or run-off control. There
are no drainage ditches or pipes.

and 7. These sections speak of the nature of the wastes disposed of at
the Ordot Landfill; Physical State, Persistence/Biodegradability, and
Toxicity/Infectousness respectively.

Since we are unsure of the nature of hazardous waste disposed of at the
Ordot Landfill we must assume a worst case basis. No records of
materials disposed there have ever been kept. Our monitoring data is
weak and incomplete. As stated above GEPA's in the process of analyzing
samples from surfaces waters bordering the landfill. (Please refer to
attached monitoring data -attachment $5). (Post script: Monitoring data
will be forthcoming).

The Hazardous Waste Quality rating factor of 1 was used since data is
unavailable. As stated above no records are kept as to the nature or
quantity of the waste disposed of at the Ordot Landfill.

Groundwater use for nearest wells is municipal (PUAG). The wells, A-11
and A-12, are interconnected with the Group VI district. This district
serves villages in the central and southern part of the island.

Distance of nearest well downgradient is greater than 2,000 ft. A-ll,
which is the closet PUAG well, is approximately 2,500 ft. away. But we
must reiterate our assumption that although A-1l is in the neighborhood
of the landfill due to the geohydraulics it is not downgradient.
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11.

12.

13.

14,

15.

The population served by groundwater within a three mile radius of the
Ordot Landfill could be as many as 46,000 according to 1980 U.S. census
figures. Although most of the drinking water for southern villages
comes from rivers via treatment plants they have been interconnected to
the A-series wells, hence the southern villages of Yona, Talofofo,
Inarajan, Merizo and Umatac have been included. (Please see well
location and population data in attachment #6).

Observed Release into Surface Waters has been recognized. (Please refer
to Monitoring Data - attachment #5). Both metals and pesticides have
been observed in Surface Waters,

The use of Surface Waters in the Pago/Lonfit River system is primarily
recreational with some limited irragational uses. A number of families
consume shrimp, shellfish, fish and other aquatic animals from the
system. The river system empties onto the Pago Bay reef. The
University of Guam Marine Laboratory as well as recent suburban housing
developments are located around Pago Bay.

The entire island of Guam especially the reefs are considered Critical
Habit according to USEPA per the Mitre Ranking Model. Since the Pago
river system flows directly onto the fringing reef of Pago Bay
contamination of this Surface Water should be considered particularly
critical.

The number of Surface Water users with respect to the Pago River and Bay
is difficult to determine. Population of nearby villages equal 9,839
persons but many of the islands residents utilize the Pago River/Bay for
recreation, especially fishing.



Attachment #1

GROUNDWATER RESOURCES OF GUAM:

OCCURRENCE AND DEVELOPMENT

by
.John F. Mink

Technical Report No. 1

September 1976

¢ " == 2m = mm o @

£,

Project Completion Report

for
GUAM GROUNDWATER ASSESSMENT AS OF 1975
OWRT Project No. A-001-Guam, Grant Agreement No. 14-31-0001-5054
Principal Investigators: John F. Mink and James A. Marsh, Jr.

Project Period: June 1, 1975 to September 30, 13976

The research reported herein was funded by the Public Utility Agency of
Guam. Funds for the printing of this report were provided by the United
States Department of the Interior as authorized under the Water Resources
Act of 1964, Public Law 88-379.
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TABLE 10

SUMMAR

(See column numbers at

end of table for column explanati

Y OF PUMPING liafA FOR ACTIVE WELLS

1l 2 3 L 5 7 8
Nrigianl 1972 1973
Pumping Pumping Pumping

Approx. Bottom

Well

Togcha
Tg-1 79 - 32 1.5

) 105 - 25 2.6

Tg-3
Tg-i
Tg-2
Tg-6
Tg-7
Tg-8
Tg-9
Tg-10

Valcanic Wells
RCA 362 + 2
(Pulantat)
Guam 011 134 - 66 135
-
mse = S Em Em B Em

342 200(20)

ho(ft) Water Level Water Level Water Level

e1. (£t) el. (£t) (vr) (Q_gpm) (Q_gom) (Q gom) _mg/1l _mg/l

31
31
29
79
77

75

76 .

D&

[ S

75
306

20

20

ons)

9

(1), (€1)g

53
52
34
51
66
85
92
82
123

10

Remarks

Alutow fm.

Alutom fme.

P
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A similar limestone situation occurs at Camp Dealy just

l south of Togcha. An exploratory well should be drilled on the 100
l ft. elevation terrace near the base of the limestone escarpment at

the maximum possible distance from the sea. A few producing wells
l of 50 gmm éach rould probably be added to the water supply netwnrk.

Volecanic rocks
The exploitabilify of volcanic rocks for ground water supply

is grossly inferior to that of limestone. Tyvical hydraulic con-
ductivity in the pyroclagtic volcanics of southern Guam is less
than 0.1 ft/d4, about 1000 times less than the typical conductivity

in limestone, and consequently well ‘capacities are very low. How-

ever; the volranics are saturated with ground water and a degree of

exploitation i~ possible.

The rance of measnured hydraulic conductivities in the vol-

canics ix from 0.02 £+/4 to 2 ft/d. At the lower end of the range
. a well renetrating L0DO f+. of saturated aquifer would yield only
about 20 gnm 2entinmously; at the higher end, wells less than 400
ft. deen ~m?4 vield 100 tn 150 gpm. A well would be an unqualified
siear~s if it renefrated vncks with an averasge permeability of about

'n.& ££/8, The «uceess of wells in lower permeability rnacks would

rave +n be meacured in *ewms of local sitwatior, that is, remoteness
and reed. Thar~ i1 r~ woy to predinct volearic rock rermeability,
ard 2171 welle initi=ally would have *to be connidered exploratory.

Tn the v21%ny nf the Geus River inland of Merizo zn attempt
warn made to devalop svnund water in the Facpi memher of the Umatac
frrmatinr., A wedl drilled tn =100 f+. was =n utter failure; the

l porrashility of the rock was the lowest encountera2d4 on Guam.




APPENDIX A-5

round water in the volganic rosks of southern Guam =g determined

Irom gtreem flow measurement

The volcanina rock formatiors of southern Guam make very ponr

[}

anuifers because of their low hydraulic corductivities but neverthe-
I less they carry avpreciable velumes of ground water. Only cne well
in the volrnanic roeck, that*at Guam il Refinery produciﬁg 100 gpm,
I rar be said to be an economis success. Unfortunately a gcod log for
this well is not available and the nature of the subsurface in the
l vicinity is therefore unknown. Other volecanie rock wells show very
low hydraulic conductivities, vractically always less ther 1 ft/4.
I Even so, the RCA well at Pulantat is being used, regardless of the
fact that at 20 gom drawdown is greater than 300 feet, because of
the importance of a water supply to the communications station.
l Rain that infiltrates the volcanics eventually seeps to
stream channels and then flows to the sea. The infiltrate remains
I in the ground for a long period of time, following tortuous flow
praths through voorly permeable tuffaceous shales and sandstones and
I somewhat more permeable agglomerates to discharge points in stream
channels. Water tables are high, in some areas lying within a few
feet of the surface. At Pulantat. for instance, the water table is

' less than 20 feet below the surface, even thouch ground elevation is

i

about 360 feet.

The exponential flow decay equation may be used to evaluzte

ground water =2epage tn stream channels A channel is treated »g g
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1ine sink into which uniform seepage per unit length takes plzce,
according to:
(1) Q= Qoe-a

in which, using convenient units, Q is flow in mgd at time ¥ in days;

t

Q_(mga) is flow at t = O; and a is the recession constant.

Seepage flnw must not be confused with tetal runoff; most
of the flow in the volcanic streams of the south is direct run~ff
of rain over the ground surface. Seepage flow can be estimated bhy
analyzing the daily records of flow over the dry season, starting
abont December 1 and ending in June, and establishing the decay re-
lationship. It is a matter of some judgement to extract from the
daily records flows that do not reflect direct surface runoff;
ordinarily if the minimum daily flows from one month to the next
decrease monotonically, a decay curve can be constructed.

In the analysis, maximum subsurface storage, and therefore
maximum seepage, is assumed to occur at the start »f December and
+0 decay over a period of 180 days. Table B-6 {Appendix B) gives
the initial flow from storage, Q,, and the flow 6 months later, Q6'
of the major streams ir southern Guam for the perind 1953 through
1960 (do*a fr~r 1959 {s missing becense it wasn't availahles ~her +ha
nnaTreis was made). From +hic dzt2, the reree~ion constant, a, the
subsurface volume tributery to the stream chanmel, snd the subsurface
vclume which drains tc the stream over the pericd of 180 days can be )
computed. These parameterc in gcme merssure define the characteristics
of ground water occurrence in the vclecanic rocks.

Table P-7 {Appendix B) gives a summary of the rur~ff char-

acteristics of the majnr streams cf sourthern Guam, emphacizing the
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ground water contribution. Streams are listed by type of rock for-
mation which they drain. The Ugum, Inarajan and Tinaga (formerly
called Pauliluc by the USGS)  rivers chiefly drain the Bolanos
pyroclastic member of the Umatac formation; this member consiste of
tuffe~aous shale, gandstone and agglomerate. The Umatac River chiefly
draire the Faerpi volcanic member of the Umatac formation, consisting
nf pillew basalts overlairn by tuffaceous shale and sandstone with
lensec of limesione. The ¥lig and Pago Rivers drain the Alutom
volea»ic formatinsn, which is predominantly formad of tuffacenus shale
ard sandstone. The recession constant, 2, of the sireams rafle~te

+he subsuvurface grnalogy of the drainage basins in that it is directly
proncrtional to hydranlie corductivity era aquirer thickness, and
inverzaly proporticnal to effective porosity.

The da%t2 in table B-7 clearly shows that ground wa*e» gtorage
in +hes Bolanos member ie far greater per unit drzinage area than in
ejither the Faspi member of *he same formation 2~ ir the Alutom for-
matio». The Uegum drainage basin has sspercially large ground vater
gsworara, The low urit s*torage Ffar the Tiraga River basin probehly
resultas from pirating of subsurface water within i+c gaeograrhice
houndaries b +he more deerly incised Ugum 2and Inarajan Rivers.

The Ugum may ~lso pirate srme of the subsurface flow of the upner
drainage region of the Inarajan River.With respect to ground water
the basinz nf the three rivers shnuld be treated 2s a single regional
nnit, *he subsurface drainaze from which comes nearly erclugively
fram **e Bolanos member.

Calculationt zugges®t that the total volume of ground water

evatlabe f~r drainage tn the three Bolanos b2<ins is 152 mg/miz at
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l the start of the dry season, of which 118 mg/mi? actually drains to
the s*reams during the 6 months period. On the other hand, the

l Alutom formation of the Ylig and Pagn basins carries considerablv
sraller ground watar storage per unit drainage 2rea, only abnut 60 -

l 65 mg, miz, less than half that in the Bclanos member. Alsc the re-

cession constants for the Ylig and Pago Rivers are nearly twice ae

great as thnse for Bolanos streams, reflecting rapid drainage. Stil)

i

another significant difference between Belznrs gnd £1n' ~m stra-ms

T

P

€
+he ratio of runcff to rainfall, which is ab~ut .57 for the Belancs
and .€5 for the Alutcr, denotine bigher tot=l yields from the Jatter
fecrmatinn.,

Becanse hydrzulic conductivities ¢f the voleani~ formations
arae very low, in the normel case producing wells wanld have “¢ bke

very desp to provide even emall anantities of water. Tt j= improbable
that +he sconcemies of deen wells equipped with small c=parity pumpe
wenld justify widespread development of ground water frem *he vrl-
cnn{ng for gome time. Toc2l requirements, howevepr, migh* instify

the epvrengse, Tn 1lncatiore where volranic rorks encaze limasgtens
lenges, suzh ;s at Malolo and Talofof?, immediate erpr’oitrtimn cf

the limastore 3agu’ fers would be anpropriate.

Table B=7 also provides *mpantant infrrmation with resnzct te
gurFace water exp'sitr~ion. fg 2r exaimrln, fer the Jgum Piver the
tatal ground wa*er seoplge over the 180 2ay dry perisd fe 1109 mg,
whiech ~verages tn 6.1F mgd. Thig does n~t inn'm4s *he direr~+s ~urface

a1 ~rmponevt Af the rainfrli. In effect, the voleznic rrcks are

oorous media reserveoirs whose slaw seepage rates ~7:-1d be exnloited
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in designing surface reservoirs. For this purpose, the Ugum River
I tasin h2s the best characteristics, while the Ylig and Pago basins
have the poorest. The Ugum River wculd require a smaller surface re-
~arvsir per unit flow than the Ylig or Pago Rivers because substan-
l tially more of its total flow consists of ground water seepage. For
the Ugnm River, of the total avarage flow of 19 mgd, 6.16 mgd (32.4%Y
I conaists of gronmd water, while of the total average flow of 16.8 mgd

for the Pagn River, 1.91 mgd (11.4%) consists of ground water.
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wAttachmens #2

TABLE 10 ;
SUMMARY OF PUMPING DATA ®OR ACTIVE WELLS 1

(30e column numbers at end af tshle far column explanatione)

= e o o mowmw Ym o o e

1 2 3 i 5 6 7 8 9 10
original 1972 1071
Pumnring Pumpinrg Pumning
Approx. Bottom ho(f+) Water Tevel Water Levnl VWnter Level (P‘\o SRRE
Wo1? [Pe) a1, (f+)  Lur) (n o) £* opm) (D pgr-  weY me/) T cvvs
A<l éR ~182  10(45) 102(200) 20 TR vole. =P5?
4-2 118 - e 17(&7)  iz0(210)  13€{179) 145 1w
A3 127 =262  22(A€) . 204(>73) 1500194) 172 16 16 vale. =256
A~l 140 -140 €.2(66) 145{300) 145(171) 148(171) 1 17
A5 146 -1727 0,1(66) 142(214) 1421171) Tk 16 1/ vole. -186(?) k
A6 152 <154  1C{67) 142(300) we(211 150 16 16 1
A7 136 -5 10(67)  126(200) 150 155 16 1 '
A-8 124 <177  15(67) 143(207) 157(2C0) 171 16 18
49 187 - EO 6.A167) 1B2{226) 187 95 152
A-10 191" - 25  6.5(67) 185(218) 30 59g ,
¥ A-11 178 -167  47(4R) 320(179) 195(146) 280(133) 15 17 wvole. -174 ;
® A-12 138 -190  31(68) 142(214) 155(145) 231(133) 15 15 *
O A-13 131 -1¢0  7.0(68) 161(200)  148(107) 149 60 29
A-14 200 - 60 110 218  Poor reccrd g
A=15 198 - 52 (73) 206(225) 105 141  Poor record l
A-16 195 - 40 (73) 210(200) 27 Poor record E

.
13
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AVERAGE ANNUAL RAINFALL BY LOCATION

TABLE 3-1

Location
Weather Bureau
Anderson Air Force Base
Umatac |
Fena Filter Plant
Ylig Filter Plant
Naval Air Station
Nimitz Hill EWC

Almagosa Spring

Naval Communications Station

Pago River

Fena Dam
Inarajan

Mt. Tenjo Station
Tamuning

Adelup Station

Source:

Years

of Record

1957-1974
1952—1974
1950-1974
1951-1974
1953-1974
1953-1974
1945-1974
1947-1968
1947-1959

1947-1967

1 1950-1969

U.S. Geological Survey

1947-1966
1947-1956
1951-1962
1947-1957

Attachment #3

Average Annual
Rainfall (inches)

100.21
94.76
98.98
96. 32
98.73
83.63
95.40

111.79

' 88.55
90.78
98.70
85.48
81.78
85.97

81.85

3
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The equations of course assume that the well screens exist
throughout the depth of the fresh water lens. In the field, the
well is dug to a depth a few feet below the phreatic surface.

The well screen is generally very short in comparison with the
thickness of the freshwater lens.

Data Requirements of Models.

Modeling saltwater intrusion into any aquifer, using any
type of model, can only be accomplished if the geometric and
hydraulic characteristics of the aquifer are known. These
characteristics include the depth to basement rock, the elevation
of the ground surface, the porosity of the aquifer, and the per-
meability of the aquifer. The depth to basement rock in Guam's
aquifer has been obtained by geophysical methods in a separate
task of this project. The results of the elevation of the basement
for a node placed anywhere in the aquifer will be known. The
elevation of the ground surface will be obtained from the USGS
office in Guam.

The porosity and permeability of the rock can be expected to
vary considerably over the aquifer. In the past, scattered pump
tests have been conducted and local values of porosity and per-
meability have been obtained (6). The values of porosity are
about 10% and permeability ranges from 20 to 200 ft/day. On a
regional basis, The porosity does not change much From 10%;
however, from an analysis of the hydrologic budget and also tidal
fluctuations, a regional value of permeability between 1000 and
2000 ft/day was obtained.

The values of porosity and permeability mentioned in the
previous paragraph represent the best information we have till
now. They will also be obtained during the calibration of the
model. These two parameters are varied in the model till
satisfactory agreement is obtained between measured data and the
results of the computer program.

Calibration and Verification Data.

Before any model can be used for management purposes, the
model should be calibrated and verified using field data. The
model should be able to reproduce satisfactorily the main features
of the phenomenon under study. In this particular case, the
model should be able to reproduce the elevations of the phreatic
surface and the interface, as the aquifer is subject to. varying
inputs. Measured data on the elevation of the interface are
lacking and so the model will be calibrated and verified using
data on the elevation of the free surface. The major input that
changes the elevation of the free surface is the variation of the
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horizontal

less than

S

all ter movement will be
downward.
C. Prediction of Leachate Quantity and Timing
Water Dbalance calculations £for Ordot consider
two cases, namely (1) mean monthly precipitation
values determined over a ten-year period, and
(2) monthly precipitation for a year in which
there were heavy storms - 1976. Results are
shown in Figures A-6, and A-7 for cases (1) and
(2), respectively.
The results predict that for case (1), about
16 inches (400 mm) of the 98 inches (2500 mm) of

annual rainfall will percolate through the cover

soil, and eventually account for leachate gener-

ation on the site. Case (l) is characterized by
one wet season and one dry season during each
one year cycle.

No 1leachate 1is anticipated to be generated
during the months from January to July and in
December. For case (2), a percolation of
29 inches (750 mm) per year is estimated. Cases

(1) and (2) demonstrate possible extremes f£for

g L ek a mr e A AR e BB BB W W W
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FIGURE A-6

l WATER BALANCE FOR ORDOT SLF
- BASED ON I0 YR. AVG. RAINFALL DATA
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FIGURE A-7

WATER BALANCE FOR ORDOT SLF
STORM RAINFALL 1976
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leachate generation rates at Ordot. They also
reflect the fluctuating nature of percolation,
which in turn causes variations in leachate gen-
eration over time.

Having computed the amount of water that will
percolate through the cover soil, an analysis of
the water travel pattern through the solid waste
can now be performed to determine the magnitude
and timing of leachate generation.

Figure A-8 shows the relationship between annual
percolation amounts and time of first appearance
of leachate for various landfill depths.
Figure A~9 shows the relationship betwen annual
percolation amounts and leachate quantities for
various size landfills. These two figures are
drawn to larger scales than those used by Fenn
(1975) so that greater percolation quantities
can be accommodated. These figures are used for
predicting timing and quantities of leachate
production at Ordot for Phases I and II.

If Ordot SLF were to be terminated at the end of
Phase 1 (6 years), its final cover top ?levation
would be 230 feet above sea level. If opera-
tions were terminated at the end of Phase II
(cumulative 15 years for Phases I & II) the top

elevation would be 300 feet.




B. Surface Water

Table A-7 presents the results of recent surface

water monitoring performed by the Guam Environ-

mental Protection Agency (GEPA), which may be

pertinent to the Ordot landf£ill. Sampling
points for this data were in the Lonfit River
upstream and downstream of the Ordot landfill.

The U.S. Geological Survey (usGs) has been col-

lecting water quality and stream flow data from

A-28
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a Pago River gaging station 0.8 miles south of
Ordot since May 1978. Table A-8 shows this data
for the period from October 1978 to September
1979.

The data can serve as base-line data for surface
water quality in the vicinity of the landfill.

C. Ground Water

There are seven wells within one-half mile to
1-1/2 miles northwest of the Ordot landfill
site. The closest wells are A-~ll1 and A-12 shown
in Figure 3. Unfortunately, there 1is only
limited water quality data from these wells. 1In
seeking base-~line ground water quality data, the
Ghura-Dededo deep monitoring well (Latitude
13°931'20", Longitude  144°950'54") in  the
northern district of Guam, appears to be only
source for such comprehensive information.
Since that well is in a different geological
formation than Ordot, the data are not con-

sidered helpful in relation to Ordot Sanitary

Landfill. Limited water quality data are

available for wells A-1l and A-12 at the Guan

office of the U.S. Geological Survey.
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BUREAU OF PLANNING,
GOVERNMENT OF GUAM

SOURCE: LAND USE PLAN-GUAM, I1977-2000 // \ \
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CIVILIAN POPULATION PROJECTIONS
FOR THE YEAR 2000

TS TR TURY AT




